Ship acceleration manoeuvre is important in terms of safety and engine performance. Head seaways are one of the most challenging conditions for the ship propulsion. A detailed simulation of the propulsion system's transient response during dynamic acceleration in harsh conditions can result in a thorough investigation of the engine performance, a better management of control system and the monitoring of engine limiters application in real conditions. For the overall propulsion system performance assessment during ship acceleration, a computational tool has been developed that comprises sub-systems for the simulation of engine, turbocharger, propeller components and their interaction. The developed tool has been validated against available shop and sea trials data and then it has been tested for the simulation of propulsion system performance during acceleration in dynamic conditions. Based on the simulations results, a sensitivity analysis has been performed for the investigation of the governor control unit limiters that apply on the engine during acceleration. As a result, the effect of engine governor limiters on the overall engine and hydrodynamic performance of the ship during acceleration is quantified and discussed.
where ṁ and (ṁh) are the mass and energy flow rates at the receiver, Q̇h l and (u dm dt ⁄ ) are the heat losses and internal energy rate. The scavenging receiver heat losses are neglected in this model, whilst the heat transfer coefficient of exhaust gas receiver is calculated based on the Nusselt number for external forced convention around pipe (Rohsenow et al. 1998) . Applying the ideal gas law in equations (1) and (2), the pressure time derivative at the receivers is: dp dt
where R is the working fluid gas constant and V is the receiver volume.
The flow rate at the engine cylinders blocks is calculated by simulating cylinder scavenger air ports and exhaust gas valve with two consecutive orifices. The engine indicated mean effective pressure (IMEP) depends on the rack position, the maximum IMEP and the combustion efficiency, which is estimated as a function of the air to fuel ratio. Subtracting the friction mean effective pressure from the IMEP, the break mean effective pressure (BMEP) is calculated. Knowing the engine BMEP, the torque of the engine is given as follows:
The engine fuel consumption is controlled from the governor according to the ordered engine rotational speed (Ngov, order) . The engine governor limiters (scavenging air and torque limiters) have been included in the PI control element that controls the fuel rack position (rpos). In addition to the traditional limiters of the engine, a speed slope limiter is applied which aims at the engine protection during the acceleration or deceleration of the ship under real operating conditions. The engine speed slope limiter aims to the application of a specific rate to the engine order speed (Norder), protecting the propulsion system overloading ( Figure 1 ). Different speed slope limiters are defined at low and high speeds, protecting the propulsion system during acceleration beginning. Depending on the initial engine speed and the given ordered engine speed the governor selects which slope limiter is applied.
Thus, a new order speed is calculated based on the sleep slope limiters until the given ordered speed has been achieved. The difference between order speed and the current engine speed is provided to a PI controller for the calculation of rack position change. The turbocharger modelling is integrated by using its components' steady state performance maps.
In specific, the compressor model uses as input the turbocharger speed and the compressor ratio, calculating the corrected volumetric flow rate and the isentropic efficiency based on an extended compressor model. The compressor pressure ratio is given by the following equation:
where the air cooler pressure drop ΔpAC and the air filter pressure drop ΔpAF are given as a function of air mass flow rate, whilst the blower pressure increase ΔpBL is calculated according to the air volumetric flow rate.
Based on the compressor isentropic efficiency definition, the temperature of air exiting the compressor is given by the formula: 
The temperature of the air exiting the air cooler is calculated by the definition of air cooler effectiveness ratio:
where the air cooler effectiveness εAC is assumed to be a polynomial function of the air mass flow rate. The turbine mass flow rate and isentropic efficiency are estimated for the given pressure ration prT by using as input the performance curve of the given turbine:
The compressor and the turbine torques are derived by the following formulae respectively:
where enthalpies are calculated according to the respective fluid temperatures.
The engine and turbocharger shaft rotational speed are calculated with the following differential equations, derived by the angular momentum conservation equation at propeller and turbocharger shaft:
The detailed mass and energy flow rate is presented in Figure 2 . The input variables for the engine system sub-model are the engine speed and the rack position, estimated by using the shaft dynamics and the engine governor dynamics, respectively. In order to improve the reliability of model's performance in real conditions, the developed engine model has been validated independently against to the shop trials data. 
Compressor performance map extension model description
During the ship acceleration manoeuvre, the engine runs in a wide range of speeds and pressure ratios. In order to overcome the limited performance range which is available in turbocharger experimental maps and data, detailed simulation methods are adopted in marine Diesel engine simulation models and diagnostic studies (Sakellaridis et al., 2015) . An extended compressor map has been applied in a mean value engine model (Guan et al., 2014) , allowing the simulation of the engine transient response in the load region below 50% of MCR power. However, the last method requires the division of the existing compressor map into zones and the calculation of a set of parameters for each partition, increasing the complexity and the risk of discontinuities during pressure ratio estimation. After the test of various suitable methods, an alternative approach was adopted in this study for the extension of the compressor map and the estimation of its compressor pressure ratio and volumetric flow rate.
The extended compressor model includes the normalization of the available compressor map with the compressor non-dimensional flow and isentropic head coefficients, φ and Ψ, respectively, which are defined by the following equations: 
where UC is the compressor impeller tip velocity and Mim is the compressor impeller tip Mach number, defined as follows:
Justified by numerical and experimental results, (Moore and Greitzer, 1985) suggested a single cubic polynomial equation to describe the compressor map. This approach has been successfully followed in many studies (Eriksson, 2007; Meuleman et al, 1998; Willems, 2000; van Helvoirt, 2007) :
The parameters Ψ(0, Mim), kGM, 1(Mim) and kGM, 2(Mim) can be determined from the steady-state compressor map and subsequently interpolated by Polynomials as function of Mim (Willems, 2000; van Helvoirt, 2007) . Thus, the non-dimensional, isentropic head coefficient is calculated as a function of the non-dimensional flow coefficient and the Mach number for the entire operational range of the compressor. Based on the head coefficient, the pressure ratio at the given speed and volumetric flow rate is estimated by using Equation (14).
The Greitzer-Moore's method provides a continuous function for the description of the compressor map. Consequently, this method predicts the compressor operational point when the compressor operates near or beyond the compressor map limits. Moreover, the calculation of method's parameters as polynomial function of Mach number gives the advantage to the model to identify the compressor operational point even when the turbocharger speed is lower than the minimum speed given on the map.
When the non-dimensional parameters φ, Ψ have been obtained according to the Greitzer-Moore's method, the compressor isentropic efficiency at low turbocharger speed is calculated based on the non-dimensional torque coefficient and according to the method that is described in (Guan et al., 2014) . Following this study, the proposed normalization of the computed isentropic equation according to the available details is adopted in order to fix the variations in the isentropic efficiency calculation due to compressibility effects.
Propeller model description
For the estimation of the ship propeller torque and thrust, the non-dimensional torque and thrust coefficients are calculated as a second-order polynomial function of advance speed coefficient (Carlton, 2012) . The polynomial constants have been estimated using least square regression analysis of the propeller characteristics data, available by sea trials:
Where UA is the speed of advance and i=Q or T corresponds to the propeller torque and thrust respectively:
The propeller inertia consists from the propeller air and entrained water inertia:
The added inertia due to the entrained water is estimated after experiments or by using semiempirical formulae which calculate the entrained water inertia term as a proportion to the actual propeller inertia (Carlton, 2012) . In terms of this study, the propeller air inertia is obtained from the available data whilst the entrained water inertia is calculated with the following formula (Lewis and Auslaender, 1960):
Considering that the propeller air and entrained water inertia depend only on the geometric data of the propeller, their values remain constant during the ship acceleration simulation.
Propulsion system model description
In order to simulate the propulsion system performance, the propeller dynamics need to be adequately modelled. Based on the previous studies on the dynamics of submerged vehicle thrusters Based on this model, the available thrust of the propeller is described by the following formula:
where Kα is the percentage of the entrained water mass in the control volume, kβ is the dimensionless momentum flux correction factor of the flow (kβ,1 and kβ,2 for upstream and downstream flow respectively), and V̇P(t) is the volumetric flow rate of sea water that passes through the propeller:
The first term of thrust force in Equation (22) describes the unsteady flow within the control volume, whilst the second term describes the produced force due to the actuator disk (propeller). The first term can be modified to the following:
where mSW includes the fluid mass of the control volume and the added water mass that is entrained in the control volume, estimated by Schwanecke's theory in Equation (26) 
The dimensionless flux correction factor kβ in the second term of Equation (22) describes the disturbance of the fluid flow and it depends on the flow profile before and after the actuator disk. The estimation of this parameter is crucial for the successful simulation of the propeller performance (White, 2009) . In this work, the dimensionless momentum flux factor is predicted by using a polynomial regression formula as a function of propeller speed:
Δk β =k kβ,1 +k kβ,2 N P (27) The results of the regression formula have been validated against the wake fraction coefficient from ship trials for navigation at constant speed and in calm sea water conditions. Due to lack of trials data in transient conditions, the effect of sea state to the fluid flow profile is neglected, assuming that the dimensionless momentum flux factor depends only on the ship speed.
Replacing the Equations (23) and (24) in the Equation (22), the differential formula for the calculation of speed of advance is derived to the following one:
where the propeller thrust is estimated with Equation (19).
The vessel speed, Us, is calculated through the dynamic equations of ship motions. Considering that the acceleration of the ship is investigated only in head sea direction and the sea conditions vary from calm water till a high sea state, only the longitudinal motion equation is used, assuming that the forces in the other directions are neglected:
The ship mass in the Equation (29) consists from the sea water displacement mass, which is calculated by the sea water density, the hull displaced volume in full load condition, and the added hydrodynamic mass due to surge motion. The surge hydrodynamic added mass is estimated empirically as a proportion of the ship total mass by following the Sargent and Kaplan method (Journée, 2001; Sargent and Kaplan, 1974) . The proportional coefficient depends on the vessel main dimensions.
The total resistance of the ship consists from the calm water resistance, the added resistance due to waves and the resistance due to wind:
The calm water resistance is expressed as a polynomial function of vessel speed based on the ship's sea trials:
where constants kRR,0, kRR,1 and kRR,2 are estimated according to the vessel's resistance curve.
The other terms of Equation (30) This method is the result of experimental data collected from various ships under different wave characteristics The required input for the estimation of added resistance includes the main particulars of the ship (e.g. length, draught), the wave characteristics (e.g. amplitude, length, frequency) and the Froude number. STAWAVE-2 method was selected instead of an analytical method due to the limited data which are required as input, and taking into account that the simulation is investigated in head sea waves.
Finally, the added resistance induced by wind (RRS, AWI) is accounted by using a physicalcomponent-method, developed by (Fujiwara et. al., 2006) . The wind resistance is calculated as a function of the relative wind angle, vessel's main dimensions and the exposed areas above the waterline in the lateral and transverse direction. In this method, the wind angle and the relative direction and speed between vessel and wind are taken into account, correcting the final estimation of the wind added resistance. However, the resistance increase due to other parameters such as hull roughness or trim conditions is neglected, focusing only to the vessel acceleration at clean hull and laden conditions at various sea states.
Using Equations (28) and (29), the model calculates the advance and vessel speed respectively on each time step. Then, the wake fraction is estimated by the following formula:
Considering that the wake profile of the propeller varies with time, the thrust deduction coefficient is modified as well. The interconnection of the thrust deduction and wake fraction coefficients is given in Equation (33), utilizing the propeller thrust loading coefficient (Tsakonas, 1958) :
where the thrust loading coefficient kT, load is given by the following formula:
Based on the wake fraction and the thrust deduction coefficient, the ratio of effective power to thrust power, defined as hull efficiency, is calculated as follows:
The shafting system efficiency, ηSh, is considered to be as a function of engine power (SNAME, 1975) , whilst the overall propulsive efficiency is defined according to the following equation (Carlton, 2012) :
Sea state model description
For the estimation of the added wave and wind resistance in adverse sea conditions, the wind speed and the wave profiles have to be identified. For the selection of wave profile, various models have been proposed based on the description of the wave spectra (ITTC, 2002) .
In this study, a simple wave spectrum is used for the sea state modelling, as proposed by (Pierson and Moskowitz, 1963) . This is valid only on fully developed seas, where the waves are into equilibrium with the wind. According to this model, the wind speed at the height of 19 m is required as input to obtain the spectrum form constants kA, PM and kB, PM:
Alternative spectra, such as JONSWAP (Hasselmann et al., 1973) , take into account additional parameters for a better approximation of experimental data, such as the location and the shape of wave (fetch length and shaper parameters, respectively). Setting as a target the development of a simplified model that will use only limited input data for the estimation of the wave profile and due to the lack of experimental data, the Pierson-Moskowitz's model is adopted herein. Considering that STAWAVE-2 method is used for the estimation of added wave resistance in regular head waves, the 
where kA, PM and kB, PM are the spectrum form constants of Pierson-Moskowitz's model. Based on these wave characteristics and assuming that ship sails in deep water, the wave length is calculated, describing the wave profile that is applied on the ship. Thus, the added resistance due to the selected wave is estimated according to the STAWAVE-2 method.
Model structure
The propulsion system performance simulator flowchart is depicted in Figure 4 . The simulator requires the ordered engine speed and the wind speed as input. Moreover, the initial conditions (engine, vessel and turbocharger speed, scavenging and exhaust gas receiver pressure and temperature) for the utilized differential equations of the simulator have to be set according to the desired vessel speed at the start of the simulation.
The ordered engine speed is used by the PI control unit of the engine governor to identify the rack position, which defines the fuel flow rate in each time step. Taking into account the vessel speed and the sea state condition, the simulator calculates the total resistance on the hull. Simultaneously, based on the speed of engine and the gear ratio, the simulator calculates the thrust and torque from the propeller.
The engine speed variation is calculated according to Equation (11) 29). Due to the large inertia of the hull, the engine response is expected to be quicker than the hull. As a result, a 'virtual' accelerator factor (cacc) is adopted in Equation (29). This factor is used only when the ordered engine speed has been achieved whilst the ship is still accelerating, reducing the computational cost of the simulation for the estimation of the vessel final speed. The simulation stops only when the maximum speed of the vessel has been achieved for the given sea state. The impact of the 'virtual' acceleration factor to the results accuracy is negligible but reduces the computational cost for the simulation significantly. In this work, the acceleration factor has been set equal to cacc=300, reducing the computational time 94% in comparison with the simulation performance without the factor application.
In order to capture the dynamics of the overall system the trapezoidal rule has been selected as an implicit second order method for the solution of the first order ordinary differentials. This method provides adequate accuracy and low computational cost for the fast evaluation of the ship transient performance. 
Results and Discussions

Propulsion system model set up
The developed model has been used for the estimation of an Aframax crude oil tanker vessel propulsion system performance and acceleration in various sea state conditions. The vessel is powered by a two-stroke, turbocharged, marine Diesel engine. Additionally, an air cooler unit is installed between the compressor and the inlet receiver. An electrically driven blower is used to provide the required air flow at low engine loads. The main propulsion engine is connected directly to a fixed pitch four-blade propeller. The main particulars of the ship, the main engine characteristics as provided by the engine manufacturer (MAN B&W, 2015) , as well as the propeller parameters are summarized in Table 1 . The lower heating value of the fuel used for the simulation was set to 42.7 MJ/kg. The developed engine model has been validated against the engine shop trials data, whilst the overall propulsion system simulator has been validated for calm water operation at steady state conditions against the ship trials results. During the propulsion system validation process, the propeller wake profile was setup through a trial-error method.
Validation process
The performance of the engine model simulator was tested for a load range from 25% to 100% of the maximum continuous rating (MCR) point, and validated based on the available data from the engine shop trials. During the engine simulator validation process, only the engine model was used by setting as input the rack position and the engine crankshaft speed that were indicated from the measurements, neglecting the impact of propeller's torque to the engine. The deviation between the engine model results and the recorded performance is presented in Figure 5 . During the validation process, the maximum error of 6% was observed during the prediction of exhaust gas temperature aft the turbine outlet, at 25% load of MCR. The best accuracy of engine model results is obtained at the load range from 75% to 100% of engine MCR, where a minimum of error it was observed. Even though the error increases in lower loads, the engine model predicts with adequate accuracy the engine performance parameters.
In addition to the engine performance validation process, the simulator was validated for the ship hydrodynamic performance prediction accuracy. In this case, the simulator was tested and compared with the available results from sea trials. The trial test was performed in calm sea state (wind speed equal to zero), and the ordered engine speed was constant for each trial run. The error between the simulation results and the sea trials parameters elaborated according to (ISO, 2015) is depicted in Table 3 .
Based on the provided results, a maximum error of around 1% is observed for the prediction of the vessel total resistance at 50% of MCR. Therefore, it can be inferred that this model predicts satisfactorily the hydrodynamic performance of propeller. However, the validation process was performed only for the steady state conditions of the ship in calm water sea state, whilst the dimensionless flux correction factor of Equation (27) has been estimated through a trial-error method. Due to lack of propulsion system performance data in adverse sea conditions, the estimated dimensionless flux correction factor in calm water conditions has been applied also for the simulation in rough sea conditions. Moreover, the impact of engine acceleration on the shafting system torsional vibrations and structural strength was not taken into consideration during simulation, focusing on the effect of fuel governor control system and engine limiters to the propulsion system performance.
Acceleration in adverse sea states
The developed model has been used for the assessment of ship propulsion performance during acceleration in various sea conditions. The investigated sea states are presented in Table 4 , including the wind speed that was defined manually in correlation with the selected sea state (WMO, 1970) Considering that the main objective of this study is to estimate the acceleration of the ship under different sea state conditions, the simulation was performed for the acceleration from a constant vessel speed to the maximum speed that could be achieved within the selected sea state. In this respect, the vessel speed of 5 knots was selected as initial condition, taking into account that this speed provides adequate manoeuvrability to the ship under any sea state. The simulation stops when the engine performs at the maximum available load for the operating engine speed and the vessel sails at the maximum available speed.
In order to simulate this acceleration, the ship is assumed to be sailing at the initial speed and at the increase of the engine load, confined by the engine speed slope limiter. The acceleration is considered to be continuous, without any pauses during the engine load increase, thus simulating the ship acceleration in emergency conditions. The initial conditions of the differential equations system for the propulsion system simulator (vessel, engine and turbocharger speed, exhaust gas and scavenging receiver pressure and temperature) were selected by error minimization process, in order to obtain the initial speed of 5 knots for the given sea state in steady conditions. Figure 6 provides the time variations of the total resistance, the vessel speed, the propulsive efficiency, the engine crankshaft speed, the turbocharger speed, the engine load percentage, the exhaust gas receiver temperature and the air mass flow rate during the simulation in the investigated sea states.
The effect of engine speed slope limiter incorporated in the engine control unit is shown on the engine performance. At low engine speeds, the low engine speed slope is activated from the PI controller, leading to a slow increase of the engine and turbocharger speed, as well as the engine load.
Due to the engine low load operation, the air mass flow rate remains at low levels as well. On the other hand, when the engine crankshaft speed increases over the 58 r/min the higher engine speed slope limiter is activated. Thus, the governor control unit permits faster increase of the fuel mass flow rate to the engine which results in a quicker increase of the engine speed.
The variation of engine speed slope limiter affects the temperature of the exhaust gas receiver as it is shown in Figure 6 . When the fuel mass flow rate increases, the air-fuel ratio reduces due to the turbocharging system inertia and as a consequence, the exhaust gas receiver temperature increases abruptly, indicating high engine thermal loading. The increase of the exhaust gas energy tends to increase the turbine produced power, increasing the turbocharger speed and the compressor pressure ratios. This results in an increase of the air mass flow rate and consequently the exhaust gas mass flow rate. After some time, and while the engine is operating under the same engine speed slope limiter, the balance in the exhaust gas receiver is restored, stabilizing the exhaust gas temperature, the turbocharger speed and the air mass flow rate. In case of harsher sea states, the ship resistance increases as it was expected, modifying the propulsion system initial conditions which are required for the same initial vessel speed assumption.
Thus, the initial conditions for each investigated sea state vary. However, even if the initial conditions are different, the acceleration rate of the engine is identical.
As it is shown in Figure 6 , the vessel acceleration consists of three different phases. The first phase includes the slow acceleration of the engine due to the imposed engine speed slope limiter. The second phase includes the faster acceleration of the engine because of the engine speed slope limiter, whilst the third phase includes the engine operation at its maximum engine load. In the first two stages, the vessel acceleration is slow, whilst on the third phase the vessel acceleration rate increases and the ship obtains its maximum speed. Figure 7 . Time variations of a) wake fraction factor, vessel speed and advance speed, and b) thrust deduction factor, resistance and thrust in calm water.
The propeller wake profile varies during the vessel acceleration. Figure 7a shows the variation of the wake fraction factor when the ship accelerates in calm water conditions. The reduction of the wake fraction factor, observed till the 2800 th second, is attributed to the difference between the acceleration rates of propeller and vessel flow speeds. The faster acceleration of the propeller rotational speed (as shown in Figure 6 ) reduces the ship wake fraction due to the difference between the flow speed at the propeller inlet and the actual vessel speed. The minimum wake fraction is calculated at the around 2800 th second when the propeller speed achieves its maximum value whilst the vessel speed is still low. After this moment and in conjunction with the maximum propeller speed maintained from the engine, the vessel speed increases faster. Therefore, the increased vessel speed and the constant propeller speed increase the wake fraction. Similarly to the wake fraction factor, the thrust deduction factor is affected by the propeller hydrodynamic performance as shown in Figure 7b . Due to the propeller fast acceleration the thrust is greater than the hull resistance, decreasing the thrust deduction factor till the 2800 th second. This difference between thrust and resistance forces leads to the ship acceleration when the maximum load and speed is maintained from the engine. When the balance between the two forces is established, the thrust deduction factor is restored to their final steady state values. The impact of the difference between propeller and vessel acceleration rates is presented also on the hydrodynamic propulsive efficiency in Figure 6 .
Investigation of simulator performance
According to the preceding analysis, the variation of wake profile affects the vessel acceleration in various sea states for a given profile of governor limiters. Considering that the acceleration profiles are similar at various sea states, the effect of fuel governor engine speed slope limiter in calm sea state will be further analysed in this section.
In order to investigate the effect of the engine speed slope limiter to the ship hydrodynamic performance, various acceleration rates were tested, in addition to the torque and scavenging air pressure limiters, by using the propulsion system performance simulator as shown in Table 5 .
Moreover, an additional case is investigated without the engine speed slope limiter (engine speed slope limiter free case), where only the torque and air scavenging limiters are used in engine control unit. The effect of various engine speed slope limiter profiles in the hydrodynamic performance of the ship can be deduced by analysing the ship speed and engine rotational speed time variations as shown in Figure 9 . Increasing slope in speed slope limiters results a faster acceleration of the engine crankshaft speed. Especially in the case that speed slope limiter is neglected, the engine accelerates to its maximum speed within seconds (around 100 s). The faster acceleration of engine speed affects the vessel speed, which achieves its maximum speed sooner.
The application of different acceleration slope profiles to the governor control unit affects the performance of the propulsion system components as it is presented in Figure 10 . The fuel mass flow rate increases due to the rack position control, leading to greater engine load for the same engine speed. Moreover, the variation of engine speed slope limiter affects also the performance of the turbocharger and the temperature of exhaust gas receiver. The faster engine load increase results in a faster increase of the engine exhaust gas temperature, which is an indication for the engine thermal loading increase, and the energy of exhaust gas entering the turbocharger turbine ( Figure 10c ). The application of different engine speed slope limiters results in a different compressor performance curve as it is shown in Figure 10d . When the engine speed is low and it accelerates faster, the compressor operates with lower air flow rates for the same pressure ratio in low turbocharger speeds. In contrary, when the engine speed increases and the scavenging air limiter activates, the turbocharger speed increases faster and the compressor operation shifts to higher air flow rates.
Conclusions
In this study, a model was developed for the simulation of a ship's propulsion system performance during acceleration manoeuvre. The tool incorporates various sub-systems, simulating the performance of the engine, the propeller and the hull hydrodynamic performance and their interaction.
It succeeds to adequately estimate the overall engine and ship hydrodynamic performance during acceleration at various head sea states by using only the ordered speed and the wind speed as input
variables.
An Aframax crude oil tanker was used for a case study, identifying her maximum obtainable speed for different head sea states. For the simulation of ship acceleration, an engine speed slope limiter was applied. Additionally, the model took into account the inertia of the ship and the wake profile effect at the propeller dynamics. The main findings of this work are summarized as follows:
The use of semi-empirical data and mean-value modelling approach for engine model provides an adequate accuracy for the simulation of propulsion system response during acceleration in adverse sea conditions. The validation process in steady state conditions proved that the model predictive ability is quite satisfactory with the maximum error being around 6% and 1% for the engine and hydrodynamic performance of ship propulsion system respectively. Moreover, the structure of the model had the advantage of a low computational cost and usage of limited resources for the overall prediction of the propulsion system performance.
The delayed acceleration of the ship in comparison to engine acceleration was illustrated, as well as the increase of hull resistance and reduction of engine speed when ship sails in rough seas.
Furthermore, the effect of the propeller wake profile during acceleration was investigated and its impact to the propulsion system response. The tool simulated also the engine and turbocharger performance, monitoring the thermal loading of the propulsion system components during the acceleration.
Taking into account the variation of hydrodynamic performance during acceleration, the application of the engine speed slope limiter to the governor control unit was further investigated. The performed sensitivity analysis provided valuable feedback for the effect of engine slope speed limiter on the ship acceleration. Through this analysis, the presence of the engine governor limiters and their application timing affect the overall ship's performance. Increased engine speed slope limiter profiles lead to a faster acceleration of the engine, an increase of the exhaust gas temperature and decrease the air supply to the engine. As a result, a richer combustion takes place within cylinders, increasing the exhaust gas temperature and therefore the overall thermal loading of the engine.
In conclusion, the Propulsion System Performance Simulation (PSPS) tool predicts with low computational cost and few input variables the overall hydrodynamic performance of the propulsion system during vessel acceleration which is one of the most power demanding operation for a ship.
Additionally, the effect of the control unit in the propulsion system response was investigated, highlighting the necessity of the engine governor limiters to the protection of the propulsion system components from the thermal overloading. 
